Inula aucheriana n-hexane, CHCl 3 and MeOH extracts were evaluated for their anti-proliferative activity against HepG-2, MCF-7, MDBK and A-549 cells. The CHCl 3 extract exhibited cytotoxic activity to the above cell lines with IC 50 values of 13.5, 23.4, 10.5, and 26.9 µg/mL, respectively. The sesquiterpene lactone britannin was isolated from the above extract. This was further evaluated in the MTT assay to demonstrate strong cytotoxicity to the mentioned cell lines (IC 50 : 2.2, 5.9, 5.4, and 3.5 µg/mL, respectively), and the apoptotic inducing properties of britannin were evaluated on human breast adenocarcinoma (MCF-7) cells through the terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay.
There are several reports of isolation of sesquiterpene lactones from Asteraceae, and many of sesquiterpenes that bear an α-methylene-γlactone grouping have demonstrated significant cytotoxic and antitumor activity [1] . We have evaluated extracts of the aerial parts of Inula aucheriana DC (Asteraceae) and isolated a sesquiterpene lactone, britannin 1 for the first time from this species.
The results of MTT assay of the extracts/britannin on HepG-2 (human hepatocellular carcinoma), MCF-7, (human breast adenocarcinoma), MDBK (bovine kidney cells) and A-549 (nonsmall cell lung carcinoma) cells are demonstrated in Table 1 . MCF-7 cells received 6.25 µg/mL of britannin before apoptosis evaluation through TUNEL assay. At the end of the experiment, dark, stained nuclei of MCF-7 cells were observed, which is an indicator of DNA fragmentation and nuclear condensation ( Figure 1a ). No alteration in nuclei was observed in the negative control ( Figure 1b ). 
Extraction and isolation of britannin:
Inula aucheriana dried aerial powder (500 g) was macerated with n-hexane at room temperature for 3 days. Each day the solvent was replaced with fresh solvent. After the third day, the residue was extracted with CHCl 3 and MeOH. The extracts from the like solvents were combined and evaporated to dryness. Five g of the dried CHCl 3 extract was subjected to VLC (silica gel, 40-63 µm) and eluted in turn with 1500 mL of EtOAc, 1500 mL of EtOAc-MeOH (2:1), 1500 mL of EtOAc-MeOH (1:1) and 1500 mL of MeOH. The fractions eluted with EtOAc-MeOH (2:1) were combined and evaporated to dryness; 300 mg of the residue was subjected to further separation by SPE (2.5 ×7.5 cm silica gel 40-63 µm), using 120 mL of mobile phase in each step: CH 2 Cl 2 , CH 2 Cl 2 -EtOAc (10:1)-(1:1), EtOAc, EtOAc-MeOH (3:1), EtOAc-MeOH (1:1) and finally MeOH. Fractions obtained with n-hexane: EtOAc (1:1) afforded crystals of britannin (1) 
Cell lines:
The cell lines were obtained from the Pasteur Institute, Tehran, Iran: HepG-2 (human hepatocellular carcinoma), MCF-7 (human breast adenocarcinoma), MDBK (bovine kidney cells) and A-549 (non-small cell lung carcinoma). MCF-7 cells were cultured in DMEM medium with 5% FBS, while the other 3 cell lines were maintained in RPMI 1640 medium with 10% FBS to obtain the desired growth.
MTT assay: Assessing the viability of the cells was carried out in a micro culture tetrazolium/formazan assay (MTT assay) [6, 7] . 96well plates were used and HepG-2 cells 15 ×10 3 , MCF-7 cells 8×10 3 , MDBK cells 10×10 3 and A-549 cells 8 ×10 3 were seeded in each well. They were then incubated at 37°C. After 24 h the medium was replaced with fresh medium containing different concentrations of the extracts/britannin to be tested. After 72h exposure of cells at 37°C to each sample, the medium was replaced with fresh medium containing MTT, with a final concentration of 0.5 mg/mL. The cells were incubated for another 4 h in a humidified atmosphere at 37°C, then the medium containing MTT was removed and the remaining formazan crystals were dissolved in DMSO. The absorbance was recorded at 570 nm with an ELISA reader (TECAN 
Assessments of apoptosis induction:
To detect apoptosis induction in MCF7 cells, terminal deoxynucleotidyl transferase (TdT) mediated deoxyuridine triphosphate (dUTP) Nick-End Labelling (TUNEL) assay was carried out. MCF-7 cells cultured in 96 well plates were treated with britannin at 6.25 μg/mL and incubated for 20 h, conducting the assay according to the manufacturer's instructions. Briefly, treated MCF-7 cells that had been blocked by 3% H 2 O 2 were fixed with 4% paraformaldehyde, the next washing step was with phosphate buffer saline (PBS). Cells were then permeabilized using 0.1% Triton X-100. For labeling the fragmented DNA, fluorescein-dUTP and terminal deoxynucleotidyl transferase (TdT) were added and then left at 37°C for 1 h. The cells were then treated with anti-fluorescein antibody conjugated with horse-radish peroxidase (POD) at 37°C for half an hour. DAB was then added (10 min at room temperature) as substrate for the above enzyme. Afterwards, the stained cells were analyzed under a light microscope. Cells that had received DMSO 1% and culture medium were used as negative control.
